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I.  Surmary  of  "Work  of  First  Twelve  Months. 

A)  Preparation  of  Compounds . The  propylene  chloro-,  br ooo-,  and  iodohydrins 
obtainable  from  reaotf.on  of  propylene  with  the  respective  hydrohalic  acids 
have  been  prepared  in  pure  state  and  have  been  adequately  characterized  by 
physical  properties,  including  infrared  speotra,  and  by  preparation  of 
their  3,5-dinitrobenzoates,  which  are  crystalline  solids. 

B)  Analytical  Procedures.  Suitable  analytical  procedures  have  been  developed 
for  each  of  the  above  pairs  of  isomers,  and  semi-quantitative  analysis  of 
the  dinitrobenzoates  has  also  been  accomplished . These  analytical  proce- 
dures involve  irCrared  spectrophotometry  and  are  based  upon  comparison  of 
spectra  of  unknown  mixtures  with  the  spectra  of  the  pure  isomers  and  of 
synthetic  mixtures. 

Before  the  development  of  ^ho  infrared  method,  considerable  effort 
ms  expended  in  attempts  to  devise  suitable  Analytical  methods  based  upon 
fractional  distillation  or  upon  the  solubility  of  benzoic  acid  in  mixtures 
of  the  two  isomers.  Neither  of  these  methods  had  been  satisfactorily 
developed  at  the  time  the  infrared  method  boc&me  available,  and  both  were 
abandoned  in  favor  of  the  sore  rapid  and  reliable  infrared  technique. 

C)  Ring  Opening  Reactions  of  Propylene  Oxide,  ^he  reaotion  of  prooylene 
oxide  with  hydrohalio  aoids  has  been  studied  under  varying  conditions  of 
tenperature,  solvent,  and  catalyst.  The  relative  percentages  of  the  two 
isomeric  produo ts  A and  B obtained  under  different  conditions  hd^cbeen 
explained  on  a theoretical  basis. 
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D)  Addition  of  Positive  Halogen  Salta*  A study  ha#  be#n  made  of  tho  reaotion 
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•whore  X is  chlorine,  tromino,  or  iodine,  in  two  different  solvents  and  at 
two  different  temperatures.  The  results  ray  be  explained  in  terns  cf  an 
intermediate  cerboniura  ion,  or,  when  X r bromine  or  iodine,  in  terms  of 
the  eyclio  ’'halon.iura"  icn  proposed  by  Ealpcrin,  Dearhoe,  Kleinbcrg,  and 
Vander’Verf  (l)  for  an  analogous  reaction. 

B)  Publication,  of  bata.  In  addition  to  this  report,  and  previous  status 
reports,  the  exp orimsntal  results  of  this  investigation  are  included  in 
the  Doctoral  Dissertation  of  C.A.  Stewart  (2),  and  an  article  is  being 
prepared  for  submission  to  the  Journel  of  the  Amerioan  Chemioal  Society. 

[I.  Experimental  Results. 

A)  Preparation  and  Properties  of  Compounds.  The  preparation  and  properties 
of  l-chloro-2-propanol  (i),  2-chloro-l-propanol , (II) . l-bromo-2-propanol 
(III),  and  2-bromo-l-propanol  (IV)  have  been  desoribed  in  previous  reports. 
l-Iodo-2-propanol  (V)  and  2-iodo-l-propanol  (VI)  have  been  prepared  in  86 
and  67^  yields  respectively,  by  refluxing  of  the  corresponding  bromohydrins , 
III  and  IV,  with  a slight  excess  of  sodium  iodide  in  aoetone  for  ten  and 
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forty  hours,  respectively.  The  physioal  properties  of  V and  VI  are  listed 
in  Table  I. 


TABLE  I 


Physical  Properties  of  l-Iodo-2-propanol 
of  2-Iodo-l-propanol  (VI) 


V 

Boiling  Point  59-63°/9mrn. 

Refraotive  Index,  n^D  1.5366 

Density,  30°  1.8999 

Tolar  Refraotion  30.54 

Neutralization  Equivalent  185.2 


(V)  and 


VI 

62-66°/9inn. 

1.5392 

1.8902 

30.33  (o alo . , 30 . 37 ) 
181.6  (calc . ,186.0) 


/ 


Melting  Point  of  3,5-Dinitrobenzoate  80.6-83.8  99.4-100.5 

Frequency  of  Peak  Used  for 

Infrared  Analysis  931  cm7*  981  cm."*- 


Satisfactory  elemental  analyses  were  obtained  for  all  of  the  3,5- 
dinitrobenzoates. 

B)  Analytical  Procedures.  Mixtures  of  the  iodohydrins  were  analyzed  in  the 
sane  manner  as  tue  chlorohydrins  and  bromohydrins.  Infrared  speotra  of  the 
pure  isomers  and  of  the  synthetic  mixtures  were  determined  in  0.026  mm.  salt 
cells  on  a Perkin-Elmer  Kodel  21  Infrared  Spectrophotometer.  Tho  heights 
of  the  two  peaks  which  differed  in  the  two  isomers  were  measured  in  percent 
transmission  from  tho  minimum  between  them,  and  the  r tio  of  these  two 
heights  plotted  against  composition.  Unknown  mixtures  were  analyzed  by 
determination  of  the  speotra  in  the  sams  manner  and  reading  of  the  coaposi- 
tions  corresponding  to  the  observed  heights  ratio  from  the  graph.  The 
dinitrobenzoates  obtained  vwre  analyzed  by  visual  cosg>arison  of  the  speotra 
in  the  range  800  to  1200  om."^  with  spectra  cf  the  pure  isomers,  and  of 
synthetic  mixtures. 
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C)  Ring  Opening  of  Propylon*  Oxide.  Propylene  oxide  fine  treated  with 
hydrogen  chloride,  with  hydrogen  bromide,  end  with  hydrogen  iodide  under 
the  following  conditional  (a)  Propylene  oxide  was  added  slowly  to  (1) 
a solution  2*5  H with  respeot  tc  NaCl  and  6Nwith  reapeot  to  hydroohlorio 
aoid,  (2)  oonoentrated  hydrobromlo  aoid,  and  (3)  111  oonoentrated 
hydrlodlo  aoid;  (b)  propylene  oxido«as  added  slowly  to  ether  (or  aoetone 
in  one  oaae)  containing  a traoe  of  thymol  blue,  while  anhydrous  hydrogen 
ohloride  or  bromide  was  passed  in  at  suoh  a rate  as  to  maintain  the  solu- 
tion  at  the  yellow-pink  oolor  ohange  of  the  indioator  (pll  2-3  in  water); 
(o)  propylene  oxide  was  added  slowly  at  reflux  terperature  to  a solution 
of  magnesium  bromide  etherate;  (d)  propylene  oxide  was  added  tc  a solution 
7N  in  amonium  bromide,  and  hydrobromio  aoid  was  added  at  suoh  a rate  as 
to  maintain  the  solution  at  the  color  ohange  of  methyl  orange  (pE  4-5); 

(e)  propylene  oxide  was  added  to  a solution  7K  in  sodium  bromide,  and  40/* 
aqueous  aoetio  aoid  was  added  at  suoh  a rate  as  to  maintain  the  pE  at 
7-9. 

The  produots  were  distilled  (after  extraotion  and  drying  ir  the  oase 
of  tho  aqueous  reaotions)  through  a Vigreux  oolumc;  this  operation  was 
shorn  to  produoe  no  ohange  in  isoraerio  composition.  The  properties  and 
oonpositions  of  the  produots  so  obtained  are  given  in  table  II. 


TAB  Li;  II 
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Ring  Openin':  Reactions  of  Propylene  Oxide 
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Tenp . , 

Yield, 
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tt 

55 

85 

95.5 
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15 

40 

94.9 

62 

38 

fl 

33 

64 

94.8 

63 

37 

tt 

60 

64 

95.0 

62 

38 

II 

83 

54 

95.5 

57 

43 

Acetone  (b) 

10 

87 

94.8 
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16 

IIBr 

Ether  (b) 
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8 

15 
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ti 
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15 
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138.4 

76 

24 
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84 
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0)  Addition  of  t ositive  :.alogep  Salta . To  0.05  mole  of  silver^  3,5- 
ainitrobenzoate  in  2C0  ml.  of  anhydrous  solvont  (0.025  mole  per  100  nl. 
of  solvent)  the  theoretical  quantity  (or  a slight  exoeas)  of  halogen 
was  added.  After  a shaking  period  of  a few  ninutas,  propylene  ms 

bubbled  in  until  no  further  reaotion  occurred.  At  dry  ice  temperature, 

• • 

in  ether,  only  the  secondary  ester  was  obtained,  in  agreement  with  the 
results  of  Lalperin,  Donahoe,  Kleinberg,  and  VanderTferf  (1).  At  zero 
degrees , however , 10^  of  the  isomeric  product  was  obtained  when  the  re- 
aotion was  carried  out  in  ether,  and  £5 /»  when  it  was  oarried  out  in 
ehloroform,  either  vith  or  without  the  addition  of  oato lytic  amounts  of 
dibenzoyl  peroxide. 
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III.  Discussion  of  Results 

A.  Jfynthe s 1 a and  Analysis . The  synthetio  method  employed  in  the  preparation 
of  the  ohloro-  and  bromohydrins  are  in  agreement  with  earlier  investiga- 
tions which  h&re  shown  the  usefulness  of  lithium  aluminum  hydride  in  such 
syntheses.  The  preparation  of  pure  iodohydrin  isomers  by  sodium  iodide 
exchange  on  the  halohydrins  is  new  in  its  application  to  this  field,  and 

it  is  Interesting  that  no  isomerisation  takes  plaoe  during  the  reaction. 
Dewael  (5)  in  an  analogous  reaotion  found  that  both  l-ohloro-2-propanol 
and  2-chloro-l-propanol  reaoted  with  potassium  oyanide  to  give  3-hydroxy- 
butyror.itrile . Sinoe  no  neighboring  group  effeot  is  observed  with  iodide, 
it  is  likely  that  DewaeTs  results  ware  due  to  intermediate  formation  of  the 
epoxide  by  the  basic  cyanide  ion,  with  subsequent  addition  of  hydrogen 
cyanide  to  the  epoxide . 

The  infrared  method  of  analysis  is  of  inestimable  value  in  problems 
of  this  type.  It  is  rapid  and  convenient  and  should  be  generally  applicable 
to  the  isomeric  mixtures  obtained  in  this  field  of  study.  I t requires 
only  that  pure  isomers  be  available  for  calibration. 

B.  Ring  Opening  Reaotions  of  Propylene  Oxide . Aooording  to  the  absolute  re- 
action rate  theory,  following  the  derivation  of  Hamnett  (4),  the  relative 
rates  of  two  reactions,  or  in  this  oase,  the  relative  amounts  of  the  two 
isomerio  products,  should  be  rolated  to  the  entropies  and  enthalpies  of 


activation  by  the  equationt 


^ - &H*. 

D “ 2 R RT 

where  (A)  and  (B)  are  the  relative  amounts  of  products,  k^  and  kg  the 

rate  constante,  and  the  entropies  of  activation,  and 

the  enthalpies  of  activation,  R the  ideal  gas  oonstant,  and  T the 


r*  _ * 


absolute  temperature.  Prom  this  equation,  a plot  of  the  logarithmio  ratio 
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of  produo t»  against  raoiprooal  tspperature  should  giro  a straight  lino  whose 
slope  is  proportional  to  the  enthalpy  term,  and  whose  interoept  ("infinite 
te^erature  value")  should  be  proportional  to  the  entropy  differenoe.  The 
experimental  data  are  plotted  in  Figures  I and  n,  and  the  entropy  and 
enthalpy  differences  so  oaloulated  are  given  in  Table  III* 


TABU  III 

Differences  In  Entropy  and  Enthalpy  of  Activation 


Series 

Halide 

Solvent 

^ SVoal/mole 

, koal/mole 

(1) 

Cl 

hater 

-0.85 

—0.65 

(2) 

Br 

tl 

-0.70 

-0.85 

(3) 

I 

11 

-0.32 

-1.12 

(4) 

Cl 

Ether 

•2.8 

-1.54 

(6) 

Br 

ti 

-2.0 

-1.56 

(A)  and  are  for  reaction  of  the  halogen  at  the  terminal  carbon, 

(B)  and  kz  for  reaotion  at  the  seoondary  oarbon. 

The  entropy  differenoes  are  oonsistent  with  the  pioture  of  sterio 
hindrance.  As  the  attaoking  base  beoomes  larger,  sterio  hindranoe  beoomes 
larger,  and  the  entropy  differenoe  should  beoome  more  positive,  as  is  ob- 
served for  the  order  ohloride  < bromide  <iodide. 

The  enthalpy  differenoes  may  be  explained  in  terms  of  the  transition 
state  theory.  The  transition  state  for  the  reaotion  nay  be  considered  a 
resonance  hybrid  of  three  structures* 

^ ;<r 

Cri  B O 

I II  III 

The  effeot  of  substitution  will  be  determined  largely  by  struoture  II,  since 
hyporoonjugative  or  inductive  stabilization  of  the  positive  oharge  on  carbon 
is  possible  in  this  struoture*  As  the  strength  of  the  attacking  base  in- 
creases, struoture  III  should  beoome  increasingly  important;  henoe,  structure 
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II  will  become  lees  lop or tent,  end  the  effect  of  reeor ' on  erientetion 
will  deoreeae.  In  the  aeries  chloride,  bromide,  end  iodide,  the  base 
strength  ee  given  by  the  Swein  correlation  (5)  increases,  and  the  enthalpy 
term  increasingly  favors  primary,  rather  than  seoondary  attack. 

The  effect  of  the  solvent  is  hard  to  rationalise*  Perhaps,  in  water, 
where  reaotants  are  more  highly  solvated,  the  energy  required  for  activation 
is  greater;  then  the  reaotion  will  have  more  oarbonium  ion  character,  and  a 
higher  percentage  of  secondary  attack  should  be  expected* 

The  fact  that  basic  conditions  are  more  favorable  to  primary  attaok 
than  are  acid  conditions,  as  shown  in  the  oase  of  bromide  ion,  is  also  in 
agreement  with  resonance  considerations*  Aoid  catalysis  should  give  greater 
carbonium  ion  character  to  the  transition  state,  by  weakening  the  carbon- 
oxygen  bonds  and  by  decreasing  thn  amount  of  charge  separation  in  the  reson- 
ance structure  (II)  corresponding  to  oarbonium  configuration.  Due  to  the 
increased  contribution  of  structure  II,  one  should  expect  more  secondary 
attack  with  the  acid  oatalysis.  Magnesium  bromide  etherate  and  amnoniura 
bromido  gave  essentially  the  same  results  as  did  hydrogen  bromide;  since 
Swain  (5)  has  shown  that  the  ring  opening  of  epoxides  is  subject  to  general 
aoid  catalysis,  these  results  seem  consistent  with  a mechanism  in  whioh 
ansnonium  ion  or  magnesium  complexes  act  as  acid  oatalysts. 

C.  The  Addition  of  Positive  Hal ogen  Salts  to  1-Propene.  Although  the  results 
obtained  might  be  adequately  explained  in  terms  of  an  open  carbonium  ion, 
the  data  are  also  explainable  on  the  basis  of  the  oyclic  ion  proposed  as  an 
intermediate  in  suoh  reactions, 
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By  formal  analogy  with  the  ring  opening  of  epoxides,  if  it  is  assumed  that 
the  "halonium"  ion  has  greater  carbonium  ion  oarbonium  ion  character  than  the 


9 


transition  state  lh  even  the  aoid  oatalysed  epoxide  reaotions  (corresponding 
to  a greater  contribution  of  struoture  II  in  the  transition  state)  then 
more  secondary  attaok  is  to  be  expeoted  for  the  haloniua  ion*  Tile  previ- 
ously observed  direotion  of  solvent  effeot  is  noted  here,  also;  ether, 
which  is  a more  basic  solvent  than  ohloroform  and  henoe  is  better  able  to 
solvate  the  positive  halogen  salt,  gives  a greater  amount  of  seoondary 
attack. 

IV.  Suggestions  for  Future  *.7ork. 

The  materials  are  now  available  for  the  investigation  of  such  reactions 
as  the  conversion  of  the  halohydrins  to  nixed  dihalides  by  reaotion  with 
thionyl  chloride  or  phosphorus  halides,  and  the  conversion  of  halohydrins 
to  hydroxy  esters  by  reaction  with  silver  end  sodium  salts  of  organic  acids 
in  order  to  determine  whether  or  not  neighboring  group  effects  arc  opera- 
tive and  in  order  to  ascertain  the  orientation  in  reactions  involving 
neighboring  group  effects.  In  addition,  the  background  has  bean  laid  and 
analytical  methods  have  been  developed  for  a study  of  such  reaotions  of 
propylene  as  the  addition  of  hypohaloua  aoids  and  of  halogens  in  the 
presence  of  a high  concentration  of  other  anion,  such  as  the  salt  of  an 
organio  acid. 
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